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The cyst-wall patterns of three Heterodera-species with lemon-shaped cysts (H. schachtii, H. goettingiana and H. carotae) and one with round cysts (H. rostochiensis) have been studied with the aid of a scanning electron microscope. These four species possess quite distinctive cyst-wall patterns which facilitate their identification.
Jones (1952) first noted that Heterodera cysts presented different wall patterns. Taylor (1957) placed the Heterodera species described up to that time in three groups according to the type of pattern. But numerous other authors in the past and in recent times have attributed taxonomical importance to the cyst-wall marks of Heterodera spp. (Wieser, 1 95 3 ; Luc & Brizuela, ig6i; Thorne, 1 96 1 ) .
The scanning electron microscope is a new tool which allows surface structures to be examined at high magnifications (up to 130,000 X) and I have used it to study the surface sculpturing of cysts of four Heterodera species.
Three lemon-shaped and one round-cyst species of Heterodera Schmidt were compared. H..rchachtii Schmidt, H. goettingiana Liebscher and H. carotae Jones represented the first group and H. ro.rtochien.ri.r Wollenweber the round-cyst group. The material studied consisted of mature brown cysts from Italian populations of each species. The cysts (8 to 10 of each species) were vacuum coated with a gold-copper mixture (4 : 1 wt : wt) and examined in a JEOL Model JSM U3 scanning electron microscope.
' OBSERVATIONS At magnifications between 300 X and 1,000 X, the patterning of the surface structure in the region of the vulval cone was imbricated in H..rchachtii (Fig.  1, a, b) , zigzag in H. goettingiana (Fig. 1, e) and reticulate in H. ro.rtochien.ri.r (Fig. 1, c) . In H. carotae incrustations of a waxy or protein-like material prevented observation of the surface of the cuticle in the vulval region (Fig. 1, f) .
At higher magnifications (1,000-3,000 X) the imbricated pattern in H..rchachtii was seen to be formed by a series of roughly-parallel ridges encircling the vulva (Fig. 1, b) . Cuneiform projections from lateral surface of the ridges inserted into depressions of the opposite ridge, thus forming a "meshed pattern" (Fig. 1, b) . The ridge surface presented a spongy appearance due to a dense alternation of edges and depressions (Fig. 1, b) . At similar magnifications the wall sculpture of H. goettingiana did not appear in any definite orientation, but the surface could be seen to be incrusted with a subcrystaline substance which gave the cyst a shiny Fig. 1 . Cuticular patterns in the vulval region of cysts of H ctcrcdercl rch?zchtiz (a, 300 X and b, 3,000 X), H. rosiochiensis (c, 300 X d, 3,000 X ), H. goettingiancl (e, 3000 X) and H. carotae (f, 3,000 X).
